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Abstract

The Hall resistiyity and magnetoresistance of La;_xAxCoO3s (A = Ca, Sr) are investigated. The spontaneous Hall
coefficient reaches maximum near the Curie temperature for each doping level, and achieves the largest magnitude

near the magnetic percolation threshold. The physical significance of these results are discussed.

The Hall resjstivity p., of a metallic system with
tic moments is generally given by
Rs(pto M), where Rg = 1/(ne) is the
Hall coefficient for a conducting carrier density n
and charge e, B is the magnetic induction, and R,
the anomaloud Hall coefficient associated with the
magnetization| M of a sample. Cunventional the-
ory attributes p finite R, to asymmetric spin-orbit
scattering of carriers, and predicts :he relations be-
tween p., and|the longitudinal resistivity (p;z) as
either (pzy o pzc) for the skew scattering mecha-
nism (1], or (pky o p2,) for the side-jump mecha-
nism {2]. However, our recent studies of ferromag-
netic cobaltites La;_,Ca,CoO3 (1.2 < z < 0.5)
[3] reveal novel properties and a record value of
® m3/C) in Lag g Cag.2Co0; that
cannot be explained by conventional theory. We
have attributdd these results to “he existence of
multiple spin ronfigurations of trivalent Co-ions,
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(Co®*: t4 €3, S = 2; Co''l: 1§ 9, S = 0), strong
spin fluctuations near Tcyrie, and magnetic perco-
lating effect as a function of temperature (") and
doping level z. In this work, we extend our stud-
ies to LajxSrxCoO; (z = 0.2, 0.5}, and compare
the properties of Sr-doped with Ca-doped systems,
and also with ferromagnetic La; _x A, MnOs.

The substitution of divalent Ca or Sr in LaCoQO3
results in tetravalent Co** (£3,€3,) ions, which
stabilizes the high-spin Co®" ions, and ferromag-
netism is established for z > 0.18 [3]. For 2 given
z, the fraction of high-spin Co>* among the triva-
lent Co-ions increases with T, and reaches -~ 50%
at T = 110 K. Interestingly, Tcurie = 110 K in
Lag gCag 2C003, and R,(T = Tcurie) reaches a
record value among all known stochiometric fer-
romagnetic materials [3]. The ecnhancement of R,
near the magnetic percolation threshold (z = 0.2)
may be understood as follows: The spontiancous
Hall effect is proportional to the spin-orbit cou-
pling strength Ay, and A, ~ [(k x o) - VV],
where V. is the crystalline potential. Ferromag-
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netic cobaltited consist of high-spin hole-rich clus-
ters embedded|in a background of low-spin hole-
poor matrix. Therefore, 8 maxirum magnitude
in VV, is expe¢ted near the magnetic percolation
threshold, yielding enhanced spin-orbit scattering
and large R,.|This argument is consistent with
the experimertal observation in ferromagnetic
La;_,Ca,CoOj4, as summarized in Figures 1(a)-
(b). Sirnilar behavior is also ohserved in ferromag-
netic La; - SryCoO3, as shown in Figures 1{c¢)-(d).
Both systems exhibit maximum p;, and R, for
z = 0.2. In addition, R,(T) reach:s maximum at
T <~ Tcurie, guggesting the relevance of spin fluc-
tuations. Moreover, except for LaggCag 2C003;,
pzz Of the cobaltites is reduced under an external
magnetic field| H, and the magni:ude of magne-
toresistance, ARy = [pzz{H) — pzz(0)]/pzz(0),
reaches maximum near Teyrie, as shown in Fig-
ures 1(a) and Y(c). These data are consistent with
the suppressiop of disorder spin szattering under
a finite H. Onl the other hand, ARy (T) changes
sign near madimum R,{T) for LagsCag.2CoQ3.
This anomaloys behavior is not yet understood.
For a given|doping level x, the magnitude of
R, in La)_Sr;CoQ3 is much smaller than that in
La;_xCa,CoOy, possibly due to stronger spin fluc-
tuations in the latter, whose Cur.e temperatures
are lower so that more low-spin Co'!! ions may
switch to the high spin states near Tcurie. Another
possibility is that carriers moving in a non-trivial
spin background may acquire a “Berry phase” [4]
that affects the motion of carriers n the same way

as does an external magnetic field. Recent theory
based on the cbncept of Berry phase 5] has shown
that for T < Tcurie, (Rs/Ro) o expl—E./(ksT)],
where E. is the “core energy” for creating topo-
trivial spin configurations, and that
he relevance of Berry phase is con-
sistent with oyr experimental observation that R,
in La;_xSr,CdOj; is significantly ssnaller than that
in La; - Ca,CoOs3 for a given x, because Tcyrie and
E. of Sr-doped cobaltites are larger than those of
the Ca-doped ¢obaltites. However, the Berry phase
theory for spontaneous Ilall effect has been devel-
oped for La; 4+ AxMnOj3, where th: Hund’s on-site
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Fig. 1. Magnetoresistance and Hall resistivity of fertomag-
netic Laj_,Ca,CoOg and Laj_StxCoO3.

exchange interaction energy (Jy) is much larger
than the hopping energy (t) of the carriers. Al-
though this assumption may be relaxed, several dif-
ferences are noteworthy: R, in cobaltites is signifi-
cantly larger than that in the manganites, waereas
|ARy] in the cobaltites is several orders of raagni-
tude stnaller; Ro and R, are of the same sign in the
cobaltites, and are opposite in the manganit=zs; the
conducting tz, electrons of the cobaltites move in
a background of core electrons (t3,€2) of opposite
spin orientation, whereas the spins of conducting
e4 electrons in manganites are parallel to those of
the core electrons (t3,€3). These differences must
be fully considered in a more complete theoretical

description for the spontaneous Hall effect.
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